Introduction
Introduction

Hyperhomocysteinemia (hHcys) is known as a critical pathogenic factor in the progression of end stage renal disease (ESRD) and in the development of cardiovascular complications related to ESRD
. We and others have demonstrated that oxidative stress mediated by NADPH oxidase is importantly involved in progressive glomerular injury or glomerulosclerosis associated with hHcys [6] [7] [8] 
. Although these results have indicated that activation of ceramide/NADPH oxidase signalling pathway contributes to homocysteine (Hcys) increased-superoxide (O2
Ϫ. ) production in glomeruli [7, 8] [9] [10] [11] [12] . Among them, the glomerular capillary endothelium should be the first target tissue in the kidney during hHcys, and therefore the injury or dysfunction of glomerular capillary endothelial cells (GECs) may represent an early event in the development of glomerular injury induced by this injury factor. Indeed, there is considerable evidence that GEC damage under conditions of haemolytic uremic syndrome, preeclampsia, diabetes and hypertension with the onset of microalbuminuria plays an important role in the development of glomerular sclerosis and ESRD [13, 14] . Recently, many studies have re-emphasized the pathogenic role of injured GECs in progression of glomerulosclerosis or ESRD [10] . In this regard, it has been reported that endothelial cell injury immediately leads to an increase in glomerular capillary permeability and thereby enhances flux of blood components such as albumin out of glomerular capillaries, which inevitably causes mesangial cell injury, reactive mesangial proliferation and excessive production of extracellular matrix, resulting in the progression of glomerular injury or sclerosis [10] . Therefore 
, it remains unknown how this ceramide-mediated signalling pathway is activated at an early stage of hHcys and thereby stimulates NADPH oxidase activity and produces local oxidative stress, ultimately leading to glomerular injury. It is well known that the glomerulus consists of three major different cell components including endothelial, mesangial and epithelial cells such as podocytes, which constitute filtration membrane in glomeruli and determine glomerular filtration
Materials and methods
Cell culture
GECs were isolated and cloned as reported previously [18, 19] . GEC [20] . The cell lipids were extracted according to previous studies [7] . To avoid any loss of lipids, the whole procedure was performed in siliconized glassware. MS detection was carried out using a Quattro II quadrupole mass spectrometer (Micromass, Altrincham, England) operating under MassLynx 3.5 and configured with a Z-spray electrospray ionization source. Source conditions were described as previously [20] . 
Confocal microscopy of LR clusters and its co-localization with NADPH oxidase subunits in GECs
Immunoprecipitation and immunoblotting analysis
The homogenates, cytosol, or membrane of GECs were prepared as we reported previously [24] . 
production in both LR fractions and non-raft fractions was measured by electromagnetic spin resonance (ESR). O2 .Ϫ production was
normalized by protein concentration and detailed procedures were described in our previous studies [22] .
Cell permeability assay
The permeability of GECs layer was measured according to the methods described as previous studies [27, 28] [29] .
Data analysis
Data are presented as mean Ϯ S.E. Significant differences between and within multiple groups were examined using ANOVA for repeated measures, followed by a Duncan's multiple-range test. Student's t-test was used to evaluate the significant differences between two groups of observations. P Ͻ 0.05 was considered statistically significant. Fig. 5B . Compared to control, there was no significant difference when GECs were treated these inhibitors alone. (10 nM) (Fig. 7A) .
Results
Quantitation of ceramide levels in Hcys-treated GECs
Blockade of Hcys-induced GEC monolayer permeability by disruption of LR clustering
To determine the role of LR clustering in mediating Hcys-induced GEC dysfunction, we examined its effect on the permeability of GEC monolayers to FITC-dextran. The possible effects of Hcys and cysteine on the GEC permeability were examined. Hcys was tested at 100 M which was demonstrated to generate maximal action to increase ceramide production, activate NADPH oxidase and induce glomerular injury and cysteine as control. After a 16-hr treatment, there was no significant increase in GEC permeability with cysteine, while Hcys induced a significant increase in GEC permeability in a time dependent manner (Fig. 5A). This Hcys-induced increase permeability was markedly reduced by pre-treatment with NADPH oxidase inhibitor Apo or LR disruption compounds nystatin and MCD as summarized in
Involvement of microtubule network in Hcys-induced GEC permeability
To further confirm whether Hcys-induced microtubule network disruption is associated with GEC permeability, we treated the GEC monolayer with taxol and measured its permeability. It was found that taxol improved Hcys-induced cell permeability which was consistent with results obtained during NADPH oxidase inhibition by Apo as described above. Summarized data are shown in Fig. 7B . 
Fig. 4 Effects of LR disruption on Hcys-induced increase in NADPH oxidase activity in intact GECs and LR fractions. (A) Time-dependent conversion of dihydroethidium into Eth-DNA for measurement of O2 .Ϫ level by fluorescent microscopic imaging analysis in intact GECs under control condition and with Hcys stimulation before and after inhibition of NADPH oxidase. (B) Summarized data depicting the effects of LR disruption on Hcys-induced increase in NADPH oxidase activity in LR-
Discussion
There are considerable evidence that Hcys-induced endothelial dysfunction is an important pathogenic mechanism in the development of atherosclerosis and thrombosis [30, 31] [33, 34] . In regard to the regulation of vascular permeability, there is substantial evidence that oxidant stress increases vascular endothelial permeability [35, 36] of the endothelial cytoskeleton has been reported as a molecular mechanism by which endothelial cells change in their shape and intercellular gap to determine endothelial permeability [37] . [29, 38] 
Among endothelial cytoskeleton components (microfilaments of actin, microtubules and intermediate filaments), the critical role of microtubule cytoskeleton and its cross-talk with actin network have been emphasized in many studies
